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<Let’s try some of these BSM Keys(*):

This talk tries to give just some ideas on the capabilities and present achievements
of CDF experiment to confront the BSM, which is the main goal ahead of us.

« HEAVY FLAVOUR:

How precision measurements may lead to BSM, the Bs sector
& some flavour of rare B decays

« EWK: W mass, double & forbidden boson couplings
 TOP: mass and some non standard top properties.
 HIGGS sector: the many ways to look for a light Higgs
* Breaking the waves:

Some BSM “typical” signatures: multijets and multileptons.

But first of all THE KEY-ISSUE= to build the needed detector
— the main assets of the constantly rejuvenated CDF detector

http://www-cdf.fnal.gov/physics/SO08CDFResults.html
Wine&Cheese, Aug15 2008 2
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Competition coming...
Courtesy Lyn Evans

Hardware commissioning Machine comnil Train to

To 5TeV checkout TTevV

No beam

30 days of physics
Efficiency for physics 40%
Peak lumineosity around 10%' cm2

il B 1
Train to Machine
ey Shachine Shutdown
150 days of physics
Efficiency for physics 40%
Beam Peak luminosity around 107 cm2 g a—

g1

GOO0O00O000O0OOODIN Integrated luminosity ~ few fb™!
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Since over about 3 decades (!!), several generations of experimentalist
have been working on building and continuously upgrading CDF with
innovative and pioneering ideas making it to be still today at the forefront
and able to make discoveries (top, Bs mixing and more still to come) plus

important breakthroughs both in Physics and Detector techniques.

Central Outer gaseous

|
I

So et L )
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Gaseous tracking chamber rebuilt from run |
to run Il to cope with luminosity x100 and
for the first time a tracking LV1 trigger:

eXtremelyFastTracker
COT axial | i
layers

P g - r
o

AL

Good hit patterns are
identified as segments, then
segments are linked as ftracks

XFT 3D upgrade:
Add info from stereo layers
Fake rejection ~8

COT stereo
layers

O
L™
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A0 5 ol upSUpgrade SVT for luminosity

Upgrade: Faster SVT components and:
. 32Kpatterns — 512Kpatterns new AM.
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- HEAVY FLAVOUR WORLD
Heavy flavours as probes for New Physics
Bs Mixing and CP violation
and a zest of
some rare B decays...

Wine&Cheese, Aug15 2008 10



P: CDF assets

dE/dx in drift chamber (1.50
@p>2 GeV/c) and TOF (20

@p<1.6 GeV/c) provide 11/K
ID crucial iri flavor tagging

CRUCIAL:
TRIGGER
& PID

Vertex

position
known with

~25 um
uncertainty

Excellent vertexing to resolve fast oscillations
(silicon detector) and momentum resolution
for improving S/B (large radius drift chamber)
immersed in 1.4 T B field.

Wine&Cheese, Aug15 2008
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t VYs

Welcome to the B,-world: / Ny % B ué s,
;I W+ W

Bs mesonsl— {bs} bound states ' Bg s |
'- (c. u) _
Y [ % Ve Tt
= I =1 Transitions Matter <—Antimatter V|a NEW PHYSICS?
3 s e
E I 3 I."r o b \'.I 7 5 -."'.I
0 [ =0 N | BS | u; ‘T[c u | Bs
B I B n 8 f——rnanl——\B /
S [ S
. S|mpI|f|Ed Schroedmger equation describing mixing and decay
B, (1) . (B, M, M,\ (L, T
Al N NG VS o B [ e ] { bR ] System defined by
dt| B (1) 2 B;’ My, My )\l Iy 5 parameters:
Masses: m,, m_
» The mass and lifetime eigenstates (with G,,/M,, <<1) Lifetimes: M, I
B.>=p|B’>+qg|B%> Am =my—m; =2|M}| (r=1/1),
1 >=P 1By >+q| B, q = Phase: @,
1"1

0 70
By >=p|B,>—q|B, > AL, =I;-Ty=- |F12|Re(

) = 2| [ cos(g,) l
12

Bs observables: Am, = m,-m =2IM,,| defines mixing oscillation frequency
Different Lifetimes: AI' =I', -I'y= 2 II';5] cos &g
CPviolating phase: ®_SM= arg(-M,,/ I';,) = 0.24%:small value predicted by SM

Wine&Cheese, Aug15 2008 12




Amg = 17.77+0.10(stat)+=0.07(syst) ps™

Extracted parameters dominated by theoretical °
errors; Need more from LQCD

Ve / Vigl= 0.2060  0.0007 (exp) 109081 (theo) -+ 110"

Am, measurement

CDF Run Il Preliminary

Amplitude

n o ;o ;N
II|J" LA L LI

1
S
L

-0.0060 2

sl
10

CDF present focus Al'g=I',,-['|, I'=(T'y+[)/2 a

ALL in ONE process === By

b

BY,

u,
¢,
t

Bs = phase of b—ccs transition accounts for decay & mixing+decay= 2.2%(SM prediction)

‘ Mixing phase — sensitive to NP ‘ ‘ Tree b—<Ccs phase =0 ‘

L II . L 2|O. L .2 L
5.46 significance) ‘wes:

nd s

— = J/¥¢

= sin(2P,)

If NP occurs in mixing: ®, = ® SM+ GNP and 23, = 2B.SM — QNP

=>» standard approximation: &, =-2[3,

Wine&Cheese, Aug15 2008
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" Pg measurement in B,—J/P®: analyse overview
Courtesy Diego Tonelli

BOs— J/ Y(—p+u-) D(—K+K-)

Vertex
known at

Il." .Jq 2S if CP'

: rythlng in a

Infer CP from t-dependent

", ui%\rﬁFstﬂbutlons
MU iRl ‘
/s r(p ensiti |

S mesons of differ ;

SN t=1 — U 14K thea




Bl— J/ y(—u ) P(—K*K)

NN maximizes S/V(S+B).
Trained on MC for signal
and mass-sidebands for
background.

Signal extraction and CP-determination

1.4/fb, ~2000 decays, S/B~2

CDF Run Il Preliminary, L = 1.35 i’

Candidates per 2.0 MeV/c®

L IR T T N R R ot vt el I
53 5.35 5.4 5.45
Mass(J/y ) (GeV/c?)

Determine CP of final state
from angular correlations.

Wine&Cheese, Aug15 2008 15



Flavour-tagging performance

Same tagging used successfully for mixing-frequency measurement
Opposite Side: looks at decay of the ‘other’ b-hadron in the event

Same Side: exploits the charge/species correlations with associated

particles produced in hadronization of reconstructed B°, meson
+

b J/V Same side
OST efficiency: 96x1% d _
SST efficiency: 501% ¢K
Jel (rhurgerﬂ K+

Opposite side =,

lepton

Output: decision (b-quark or antib-quark) and the probab. of being correct

Wine&Cheese, Aug15 2008 16
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Wrapping up all together in a fit

CDF Run Il Preliminary, L = 1.35 '

Yoo
R

FRRN R ]
5.3 5.35 5.4 5.45
Mass(Jiy ¢) (GeVic?)

Mass
MC (signal) and
sideband data
(background)

f-ﬁ P‘! :;'?Tl' ‘ Om JR‘! (})ﬁa ?ja Ot )Pa @) P": (

CDF Il Preliminary L=1.7 b’
g - Data
0 4 — Fit
o — Signal
2 Background
0 CP-even
% 107 - GP-odd
o
o
| =4
@
© 10
1 1
0.0 01 0.2 03

Decay-time
exponential (signal)
empirical model for

CDF Il Preliminary =17 b

[=] « Data Signal
5 100 Fy CP-even
[+ N
2 600 Background CP-odd
5500 + _,,,_+-+++J-f*=-_+¢ +
2Ty 5
T 400
O

300

200

ool ——————

L R ¥ S T /R |- S N
cos(a)

Angles
MC and data
(signal), sidebands
(background)

baekaroynd . Alq15 2008

700¢
600
500,

400

300
200
100"

CDF Run Il Preliminary L=1.351"

— Signal
F *"r — Background

i
L '1,*
iﬁ.{ " L ." "“_!l‘m- -p L]
0.0 0.5

1.0
OST Predicted Dilution

Tagging

17




Data-driven checks (and results!)

Angles Mass-lifetime Flavor tagging
] CDF Run Il Preliminary  L=1.3f" CDF Il Preliminary L=17fb" : _FDF Run Il Preliminary CONICH R
I E | « Data h:
NU15(]D_ 4 —— data 7o) 103 L —Fit sf
> T T — Signal _
= B Background 2 ~ Background :
= = " 15
1 1000 Q ) S R 25 30 35
g- I 'S m, [ps’]
2] T
g c
g S OST tuned on B*
@
O
SST tuned on MC,
> e checked on mixing
ct = 456 1+ 6 (stat) £ 6 (syst) um measu rement ‘a
|A,(0)]% = 0.569 + 0.009 (stat) + 0.009 (syst) ST
| : . osteriori
Apo =021 0012y +0.006 sy Measurt w/o flavor tagging P
6” = —2.96 = 0.08 (stat) = 0.03 (syst)
5,= 2.97 +0.06 (stat) + 0.01 (syst) Cts = 459 % 12 (stat) * 3 (sys) um

Measured polarization of A= 0.02 £ 0.05 (stat) + 0.01 (sys) ps™

B°—wK*: consistent W/ B-  prr 100, 121803 (2008) Pred.0.096% 0.039ps"
factories (and competitive!)
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Results

CDF Run Il Preliminary L=1.35fb"

.0 -+ SM prediction [:
- —68% C.L. ’
A0 —95%C.L.

(8002)Z08191 ‘001 14d

Assuming the SM, the probability of observing a
fluctuation as large or larger than observed in
data is 15% (1.50)

One dimensional: 0.16 < 3s < 1.41 at 68% CL

Wine&Cheese, Aug15 2008
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ICHEP update

[CDF Run Il Preliminary 2.81b" |
> 400
5 !
239 3200 decays,
S0 S/B~2

250
200
150

t

100

50

1 l 1 1 l L1 1 l 1 1
5.4 542 544 5.46
m (J/y 0)[GeV]

N.B. Analysis not yet optimized

0.2

CDF Run Il Preliminary L=238 fb!

— SM prediction
— 95% C.L.

— 68% C.L.

III]III]TTIIT

== New Physics

I[IIIIITIII

B, (rad)
8 <PBs <1.29 at 68% CL

Increased dataset still hints at larger than SM values!

Consistency with SM decreased 15% 2> 7% (~1.8 o)

www-cdf.fnal.gov/physics/new/bottom/080724.blessed-tagged_BsJPsiPhi_update_prelim/
Wine&Cheese, Aug15 2008
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= LOOK for 2-body B, D rare decays at CDF:

BOys— uy, B% s — ey, B — ee and D° — uu

Ex: SM=> BR(B,—uu)~3.8x10° But
BR enhanced by x10-103 by NP WHY:

FCNC decays forbidden at tree level, proceed through loops.
_ | SM "
..... M A

“*

]l

Higher order diagrams highly suppressed, allowing NP to manifest itself.
b b MSSM .

. e (W) >
:PS H/A®
s s
' w (e
B -->une
S s - tanB I

Wine&Cheese, Aug15 2008 21



CDF Il Preliminary

Each search is relative to a normalization mode

CDF Run Il Preliminary, L = 360 pb

% L 2 b ; Prob 0.09248 NQ 6000~ W = 1855.35 + 0.07 MeV/c?
Ezsoo: ; % i o =9.25+ 0.07 MeV/c?
22500~ * 7 b,
E L B d 9 K 72- for ESOOOj CMU'CMU
g0 N(B*) = 11387164 BY, = ee, e N I
©2000 (B)= - d,s ’ “ 8_4000
r : i
i g
1500 p.(B)>4 GeV/c _cg 3000
B <1.0 ©
- ()l € 5000
1000| >
R _#  CDF RUN Il Preliminary (21fb™) 1000}
500 Il 5I |15I L1 I5|2I L1 5I|25I L1 I5|3\ L1 5I|35\ L1 \5'4\ L1 B | | E | | i | ‘ |
' ' "7 invariant mass / GeV/c? 1.801.82 1.84 1.86 1.881.90 1.92 1.94
1800 — 2
E Mass [GeV/c
1600 By [ ]
"o 1400
3 1200F
= [
+ + S =
B* =2 J/ WK $ 1000
0 & - 0
ForB% .2 up | & 800 552 D% 2 nim
600 — for D° - uu
400
200 S
:u I I AN N A A A [ A R A AR I
98 49 50 51 52 53 54 55 56 57 58
M(r* ) GeVic?
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B > ee, eu signal after Lepton ID

CDF RUN Il Preliminary (2 fo” ) CDF RUN Il Preliminary ( 2 fo” )

3.0

25

25

2.0 2.0

Bd search window
Bs search window
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F
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9.2
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B (B, > ) and Cosmological Connection

95% CL Limits on B(B s — uu) mSUGRA at tanf = 50
. Arnowitt, Dutta, et al., PLB 538 (2002) 121

BM107
100 | ' T 'OICDF 1 ]000 .-[.I TTrTrTrrT I! T T T TrTrrT I 13 ]1‘| L] I:I T ’ L L L LU i_‘
| @CDF Expected || Ly A=0, u>0 %
| |- Ll = e . - =
PRD 57 (1998) 3811 | ADO s tanf3=50 1
P~ ‘ﬂh - ; ‘- ' _
o 1T I X Tevatron B ‘ b i
- (CDF+DO Lum) 800 -ty o c11x10™
X L B~ et S
10 | R : O R s 7
c ——H H s I Y A ]
o PRL 93 (2004) 0320010 H —_ B r; E . 4
© PRL 94 (21 Ay BRI Prensent A R e 7
© | PR o4 2008y o7 seealig] | | T O 600 B0 Y = " -
. | = Eosm ke Y% O :
o PRI 502000 221600 )I& M e ey é’; L2, .
§= hep-ex/0508058 —2 *| [Fermilab-Pubi07-395-E Lo e : "
LA e g - ; ‘
'S 1 et CDF Note 817640 y ———; e . . -
c Il D A B ' . : 3
E | DO Note 534477 NI AN 400 S -,“ -33\0?2 —~
e ‘;'{ : &af\'*'-. : - -
= : 1 7“\1- ol
e St 7}9 E
200 _.!:.1 l. i I. L Ll II‘IIEI Lol i I‘-ll L.l Flni Lo L L & IEI | l i I:I L ]

0.1

10 100 1000 10000 200 400 600 800 1000

Luminosity (pb™") m, ,[GeV]

CDF-98 at about 10° from SM CDF-08 at about only a factor 10!
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- ELECTROWEAK (EWK) SECTOR
W mass
double boson couplings

Wine&Cheese, Aug15 2008
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Very precise m,, measurement: motivation

The EWK gauge sector of the SM
is constrained by 3 precisely
known parameters:

oy (M) =1/127.918 (18)
Gr=1.16637 (1) x 10> GeV~

M, =91.1896 (21) GeV

At tree level these parameters are
related to MW:

M2, = 1o, /N2Gy Sin20,,
0, = weak mixing angle defined
by: cos 0y = My/M,

Wine&Cheese, Aug15 2008

Radiative corrections due to heavy quarks,
Higgs loop and BSM, motivate introducing
p-parameter: M,,= p [(M,y(tree)]? with the
predictions:

p—1~ IVlztop ~In IVIHiggs

In conjunction with M

M Higgs

opr My constraints
and possibly new particles BSM

Progress on oM,, has the biggest impact
on Higgs constraint

26




EVWK precision measurements

CENTRAL PRE RADIATOR CENTRAL SHOWER-MAX

Drift chamber to |n|<1
Further tracking from Si
T carom e W .+  Calorimeter to |n|<3

v Muon system to |n|<1.5

END PLUG EMCALORIMETER
EMD PLUG HADRON CALORIMETER

W selection:
exactly one electron or muon \
»m |energy imbalance in reconstructed
event, associated with neutrino

2.5

1.0 1.5

SVX 1l INTERMEDIATE
5 LAYERS SILICON LAYERS

2.0

b At Tevatron: qq dominates (80%); initial state gluon radia-

tion is O(10 GeV), measured as soft “hadronic recoil” in

Blectron calorimeter (calib. ~1%) q g v
Pollutes Wmass info: ‘ lepton
q W
but: P-(W)<<My — =

M= V(2P [Pt P,Y [1-AD))

P ePt carries most of W mass

info (measured at 0.03%)
Wine&Cheese, Aug15 2008 27




CDF Il j L dt ~ 200 pb™
o
O Muons - ® Data
pe = + HT# +L+ = Simulation
P B k
g [ :
3 1000—
i Transverse Mass Fit Uncertainties (MeV)
500 M, = (80349 £ 54,,) MeV | (CDF, PRL 99: 151801, 2007: Phys. Rev. D 77:112001, 2008)
Pldof=59/48 Y T TTm--——o_ electrons MUonSs common
iy W statistics 43T "= =>4 )
e T T e Lepton energy scale 30 17 17
% 70 80 90 100 I . -V, :
m,(uv) (GeV) Lepton resolution Y _ -~ 3 ;
Recoil energy scale _-=79 9 9
Recoil energy resolusdi ] ]
CDF I L~ 200/pb Selectiop bias™ 3 ] 0
=  400/— P 5 c .
2 | ® Data , . _ Aeplon removal 8 5 J
E I HJF — Simulation Al\ﬂw =17 \15& [ B: Iikcs' ds 8 9 0
= M, = (91184 + 43) MeV | - ackgrounds -
R e pT(W) model 3 3 3
z ldof = 32/ 30 - _ _
@ ‘ * { - * Parton dist. Functions 1 1 |1
o J’ -~ QED rad. Corrections 1] 12 1
I l ﬁ| M l Total systematic 39 27 26
I Hf Hﬁ Total 62 60
B g F4t
ot 4 M.:.T“]"i‘t-t‘@ L | ‘fw*‘“v.i'v'm-m

0

920 100 11
M(u) (GeV) M (GeV)
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W mass latest result

®
CDFI 80433 = 79
DO | 80483 = 84
DELPHI ~* 80336 = 67
L3 —* 80270 = 55 My vs Mmr
—_—— U T | — T 71 I T T T
OPAL 80416 + 53 i ' ! ' ' ]
80 70 | expenmental errors: LEP2/Tevatron (today) _|
P 0T ]
ALEPH 80440 = 51 [ 68% CL i
— e— Z 95% CL ]
CDF1II 80413 + 48 80.60 (— 99 7% CL —
|\||||\||‘|||| ||l/|\\|‘1/¢/ : - hg\'ﬁgua\{ :
80100 80200 80300 422T 80500 80600 . s =
W boson m (MeV/c?) E 80.50 - MESM -
World’s best single experiment ;g ; :
measurement based on 200 pb-? 80.40 |
80.30 |
SM B
MSSM ]
80.20 both madels B
- | Heinemeyear, Hollik, Stockinger, Weber, Weiglkein 'US:

160 165 170 175 180 185
m, [GeV]
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= Preliminary studies on My, & My, with 2.4 fb!

CDF Il preliminary J L gt =23 fb? CDF Il preliminary J Lol =2.4 "
R Jum— B e,
> o - M, - A ™ :
@ 15000 o - data - E data
) - # 1 —MC 168001 I l'y MC
2 - rrr,-‘r W->ny i background E _ﬁ W->ey 4 background
= 10000 — F 1 10000 LH_L
o . Ami®=16MeVIc? UL - AmE™ = 15 MeVic? L
o 5000 yiidof =72/ 48 1‘-. mn}f yildof = 70 | 48 ‘-.H
i_rrr N, 7 “
\l/ l‘l\-‘-\—,\ r l . | N . . L 1 L L L ' ‘I‘H—‘.““‘:‘“‘T“‘—v
%o 70 80 90 100 %o 70 80 90 100
m.(uv) (GeVic?) i m.(ev) (GeV/c?)
u| T T T T T U L T
— m D@ Run 1a (e) Single Experiment Sensitivity =
= — Recaoil resolution not significantly
§ awp - degraded at higher instantaneous
E = CDF Run 1a (e+p) 2 |um|nOS|ty
@ L =
g 10— o .
t E - Statistical errors on transverse mass
2 o0l DARUET(S) AMy~25MeV = fits are scaling with statistics
& CDF Run 1 (e+p) -
s / - GOAL: M, ~20MeV
Bl ) CDF Run 2 (e+p) -
= 10 MeV syst limit -
oL ! R i ! T e [ |! 1 e e |l|:"
10 102|r|tegrated Luminosity {J'ph]ﬂ' 2 ﬂj_l 1

Wine&Cheese, Aug15 2008 30



Forbidden triple gauge couplings (TGC)

1) why to study Diboson production ?

p *
gg' —-w" —-Wy: WWy

qg'—-wW" —SwzZ : Wwz

qq = ZI1y" -WW: WWy , WWZ
qq —>Z/y(*) SZ Y ZZy,Zyy‘A

qg =ZIly® -2Z :|ZZy,77Z

t-channel "7

s-channel Ww.z

p
p

®s-ch. prod. probes non-Abelian structure of SU(2)LeU(1)Y
W
g . / ® Tevatron sensitive to different TGCs than LEP higher s

g L\\\ ®|mportant background for Higgs Searches!
" ENew physics => enhanced rate of diboson production!

Randall-Sundrum
grgaviton N

The Unknown
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ZZ production at CDF

/.- q P
ollvv: ~3.0%
q *[arge Backgrounds
«111:~0.5%
q z *(Clean Sample
NLO cross section: 1.4 =0.1 pb l=e or n
\_ Campbell, Ellis. Phys Rev. D60 (1999 113006

» Demonstrates the ability to measure small cross-section
» ZZZ and ZZy forbidden by SM => opportunity to look for new Physics

» Training camp for Higgs searches
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Events10 GeV

CDF @ 1.9 fb'l: ZZ—=1ljj channel
Higher Branching ratio, large Z + jets background

Signal from anomalous ZZZ/ZZy couplings expected at large P(Z)
Use dijet mass spectrum in high P (Z) regions to constrain potential

contribution from anomalous couplings

=T.eor pj
CDF Run |l Preliminary [Ldt=10f5" _ CDF Run Il Preliminary [Ldt=129fb
18 [T - 1 Dilepton p; > 210 Mass of ]
184 xpected AQ| == 725 {E i oo L 2 e —e— Data
143 Signal from || === W 5 355 == 7 ee
12 f4Z=0.3 —+ Eﬂr E 3- —_ L
10 LEP limit = i 2.5
g Dilepton py = [140.210] 2_ - +
B 1.57
4 ‘I- 3 - e 3
2 0.5 -F__
8 . Ty
D 50 100 150 200 250 300 350 40C D 50 100 150 200 250 300 350 40
M. M.
1 1
- Bin | 95% CL Cross-Section (pb
0.12<£Z<0.12 in 0 ross-Section (pb)
-0.13 <£2<0.12 Med 0.28
-0.10 <1< 0.10 High 0.077

-0.11 <fr<0.11

95% C.L. limits

Wine&Cheese, Aug15 2008
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* TOP: Is the top standard?
Study of top properties
Mass
Production modes
Helicity
Decays

Wine&Cheese, Aug15 2008
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]

Top WMass: a crucial pararmeter

Mass of the T0p Guark [ Preliminary) Lepton+Jets great progress: especially work on JES
. o g 6 uty 2008 My g = 194 GEV
COF-l di- 167.4£103x44  / : H
. - Y .
DO-1 i 168.4+123+3¢ Al =
COF-Il 6 1712+27+ 24| =5 B 0035 i
ol —— , e (0,027 4920.00012 T
b 174.4+32+21 I
. ——— J & * incl. low Q" data —
COFdl 176.1£5.1+ 5.3 ]
5 times —— oy
D01 144 ! 180.1+ 3.9+ 3.6 -?:h'.ld 9 - -
(COF-1 1+ + + i 4
| . | 172.2:+ 1.3+ 1.0 fouuly
DOl Hi 1715+ 1.5+1.5 2 7]
: . -
D01k 1+ 173.0+1.3+1.7
-
GO alk 186.0£10.0 £ 5.7 1 B
'COF-lall 176.9+2.6+ 3.3 | Excluded Preliminary |
"COF-Il rk — 0 o '
17534+ 6.2+ 3.0 30 100 30
. & LEP2 Iimi
Tevetron July 08 172.4 + ? ?-_._
v f;fﬂ' my [GeV]  included
! 0 B1%
0
| 1 mp<154 GeV @ 95% C.L.
180 160 170 180 180 200
M, (GeVie’)

) = 1.4 => O] \ = 12%
mi=172.4+ 0.7+ 1.0 GeV oM,,, = 1.4 GeV => oMy / My
0.7 % precision Equivalent 6My,= 8 MeV for same M, constraint
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Is the top standard ?

Within the standard model the top quark decays into Wb
Probing the nature of thet - Wb l,q
vertex, with helicity measurement /

Wil

t v,q
Can the top decay into other

particles: \b

* Br(t—>Wb)/Br(t—Wq)

- Search for charged Higgs __H

» Search for FCNC top decays

« Search for Invisible Top Decays @ @

All these measurements are high precision measurements
Thus CDF has entered a new phase in the Top Physics
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Search for charged Higgs in top decay

Explore the possibility that t — H*b
With subsequent decay of H¥ - T s
Reconstruct event kinematics

CDF Run Il Prellmln;ar:-,ulr [2 th 1]

ln [
- - :
T L P —.— 95% c: L. data
+ D.E__ .............................................. o o~y
Data fit with MH150 template[CDF Runll Preliminary] E - : : : T 95% C.L.
&40 ® u é é ; ;
§ C K-S prob.= 0.258 jL=2.21[J.1 - £ 0_5__ ........ ............ ............ I:l loband
o, NHiggs= 931+ B84 -1.76 E - : : : I:l?ri band
O 35¢ NW = 17867+ 1862 -16.11 — B : : :
& r NBKG= 122+ 7.5 -7.13 B ggf bbb s
§ 30:_ ¥ = 0.720162332 ? :
[ - [ Higgs B
Z ot Dw 0.3
- OsKG @
200 DA 0.2
155 -
- 0.1
10 N
: _IIIIIIIIIIIIII|IIIIIIIII|IIII|IIIIIIIII
50 %ﬂ ap 100 110 120 130 140 150 160
- M{H+)[GeVic]
- . + -"- e N ' - - '
%20 40 60 80 100 120 140 160 i80 Z.! Top: interesting way to look for Ht Z!

M(di-jet) [GeV/c?]
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Search for Top Flavour Changing Neutral Currents

No FCNC interactions at tree level in SM. Further suppression: GIM mechanism,
CKM suppression. Top FCNC extremely rare: BR(t —Zq)=0(1014)
BSM models predict higher BR, up to O(104)

FCNC through Penguin diagram

t " c,u Dominant background: Z + 4 jets
\N\Mﬂ’q/ Reconstruct event kinematics:
N, b . x2 of mass reconstruction: |

2

MW rec — MW PDG \
- O

(”?‘,_Jd,f;} Jgec ) n
Or—wh

My —7Zg.rec — N
Oy -7

Any signal at the Tevatron: New Physics
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Top FCNC results with 1.9 fb-1

B st Fit to Mass x2 FCNC Feldman-Cousins Band (95% C.L.
“u LA B N LR LA BLELEL B T T — T T T ]
S Tagged Anti-Tagged Control Ef ~4El Best Fit: i
) {13 Evenis) {53 Events) {136 Events) VoIl Bt Zg) =-0.0149 i

L ™ - L

4o L © Data{18m) CDF | Pi‘é“'-‘:iﬁa:‘;“ = 0 -
[ FCNC t (3.7%) [L dt=1.9 b Q 09+ o

@ Wl
Fit Uncertainty = .
[1 Z + Jets (HF & LF) - —
20 : gan?ard ode ! | - 95% C.L. Limit: ]
boson (We, 22) G.05F B(t! Zq)<3.7% 1
L~ |
—I;Ltl ® - i CDF I Prellmlnary
1 o | - Y PRI i & ~ i itdt=18f" ]
t ) — Y. L
o 2 4 6 0 2 4 6 0 2 4 6 6 p—— = 5
— e {) 0.2
2

VX Measured B(t Zq)

Limit on B(t—Zq) obtained from template fit to mass x2distribution
—  Simultaneous fit to two signal regions and one control region
—  Feldman-Cousins limit with systematic uncertainties

BR(t—Zq) < 3.7%

New world’s best limit on B(t—Z2Zq): 95% C.L
0 N -

Best published limit (13.7%) improved by factor of 3.5
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The Higgs sector:
QUESTION#1: Is there a Higgs at all?

QUESTION#2: IF YES, what mass?
and how many there are?

Courtesy Matt Herndon

Tevatron should be able to answer, at least partially, to
these questions by searching for a light Higgs

Trne many ways CDF Is looing = lignt rligys
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The many ways to produce a Higgs at CDF

gg—H—Dbb dominates but huge QCD bkgd

135 GeV
:& 1of | decay
c Prod uc’rlon T i W
O gg—H [
= £l
g &
n a T ow0f e
g L;‘ ;'E,. m.}f...;,::‘_*,_
o 0 R e
= .
% % 10k
T
=
L -3 i % Y M
., . I ; . " 50 100 200 500 1000
100 120 140 160 180 200 Higgs Mass  (GeV)

b,T 1 WH-Ivbb
ZH—llbb
VH—vvbb,
— v(I)bb
b,t VH—qqbb
m,<140GeV H—o11(+ets)

Wine&Cheese, Aug15 2008

m >140GeV
WC).Z)
H
————
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Neutral SM Higgs into -/epfons

KS prob 68.4% CDF Run Il Preliminary

1]
c Observed (L = 2.0 fb™) \ T OO, -1
s Jet - = (QCD+Wjets) Small Backgrounds ({ Zdt = 1.9fb7")

Top Sample Cross Section Events Events Events

Diboson/Z — Il PN ¢ Anti v e
Z > 1r+jets ey Laggcu Fa N iiN “‘bb Control

10? Higgs(M =120)<30 _
H SM ¢t 85.8+1.1 1.7+0.2 0.740.1 1.84£0.2
w0 Wz 3.964+0.06 0.210.1 1.440.1 2.140.1
27z 3.404£0.25 0.3+0.1 1.140.1 1.840.1

Important to Took at different decay mode (i.e. H—Tr, not

" Min(NN(Sig_Z).NN(Sig_ Top)NN(Sig_QcD)) only H— bb).
: CDF Run Il Preliminary (L = 2. 0 fb )

Observed Limit 95% EL lei't |n ::ﬂrSM

— Expected Limit

_______________________________  cemrenme | ODE: 30.5 (24.8) M,=115GeVic?

—a— Standard Model (NE©)™

-
o
s

—
(=]
[

_____ ___‘ Analysis optimized for SM Higgs, but sensitive to

=
(=]
]

5(95% Limit)/(c(SM)x BR(H->1))

=
(=]

_ o non SM Higgs.

o E S . i « | MSSM predicts a much higher H-rate for large tanf3

110 120 930 40 1m0 _ _ _ _
Higgs Mass [GeV/c?] in gg fusion, especially in t-decay.
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i o, 2
_' SM alo _
, i L 10} ¢
. ggt+bb->H oo ==
1 \ via top |GD|:I 1} !
|::: >
10"k gg-H ~__ 10} Po = hIH/A 5
2 [ -2
10 10 F 2
ot bE-H o " 6(MSSM) ~ o(SM) x tan*f3
o o y = 17 signal: lower background
— : : 10 ' . .
100 200 300 400 100 200 300 400 ®m 7-BR 1increases with tanf3
M,, (GeV) M, (GeV)
MSSM Higgs — tt Search, 95% CL Exclusion
100
MSSM Higgs —tt Search, 95% CL Upper Limit -
100 e TR R T T i CDF Run Il Preliminary, 1.8 fhy
g CDF Run Il Preliminary, 1.8 fb™! E 80
'E‘ = Obsearved ] 70 no mixing
to10F .0 Expected - ea 60
_E E -10 band = = 5['
e I 20 band ] 8 |
=~ | . 40 p=0
> |
£ 1F E 30
t x 3
o 20 -
o max ' i
5 | | | | | | | | | 10 - 2 .
01=700 120 140 160 180 200 220 240 0
m, (GeVic?) 100 120 140 160 180 200 220 240

m, (GeVic?)
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Summary of present results for low SM

mass Higgs at CDF

my=115 GeV/c2

Channel

95% C.L. Limits
o-BR/5M obs (exp)

WH—lvbb (NN)

WH—lvbb (ME+BDT)

WH—tvbb (NN)
VH—-qqbb (ME)
ZH—1lbb (NN)

ZH—=llbb (ME) T2

VH—=vv/(l)bb (NN)

ttH—Llvbbbbqq
H—yy

H—1tt

5.0 (5.8) 2.7fb"!
5.7 (5.6) 2.7fb!

37.0 (36.6) 2.0fb"

11.6 (11.8) 2.4fb"

14.2 (15.0) 2.0fb-"
7.9 (6.3) 2.1b"!

30.5 (24.8) 2.2fb1

Courtesy Bernd Steltzer

Wine&Cheese, Aug15 2008
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428 The many ways to search for Higgs at CDF
the high mass case: H— WW*—>lvlv

The physics backgrounds Analyse strategy: |

q I q |
wiq w L_ 0 jet events—!

WW/WZ s

w _
q "

q

W+Jetsly |
>—< I 1 jet events
1q Wy a w

2 2 jet event

And: Drell-Yan, ttbar, single top, Multijets
all these processes are well measured

Wine&Cheese, Aug15 2008



CDF Run II Preliminary JL=30f" CDF Run 11 Preliminary [£ =301 |
O_et evt 1] ':..':E"lp"-.-".r': i My = 160 l:"r-lll|'|-'-.'!.,3
i J 0.96 =+ (.19 1 I.I"I Jet th 94 BT | 4 TT
DY Gl + 14.65 Iy A0 0 061
wa =l = L% WZ AL+ 202
27 17.20 +  2.74 77 153 4 0.7
W+jets 83.61 £+ 17.98 W +iets 36,97 + 5.82
W 15 + 2112 W 11.35 4 3.00
Total Background 538.03 = 50.15 Total Background 196.73 & 16.97
g9 — H B . gy — H L0S £ 0.6
Total Signal 538 +  1.29 WH Gr 0.08
Data S0 ZH 021 )+ 003
: VBE 0.33./ + 0.05

CDF Run IT Preliminary j' L =30 Total Signal =18 4 0.64

2+ jet evt | Mu = 160 GeV /2 Data VHand VBF~levt 227

I T 14.46

DY dho = BT INN with different inputs are trained for each case

WH 1568 4+ 247 4 .. . : Y :

Wz aan 4+ nns JAnti-b tagglng is added in the = 2 jets case, in

ZZ 1.5+ 021 Jorder to get rid of the ttbar background

:1_—3"‘* ’::; : I’j_ The results obtained for each of these 3 cases

T il I .
Total Background lza. EE + 1633 [arethen combined,
giq —* H =+ 1.2

Pt QL/ 'Y and the CDF result is

VBF | 0.10
Total Signal 3090 4 0.33
Data 139

Wine&Cheese, Aug15 2008 46



>
72
=
=
—
)
SN
)
(=]

CDF result on 3 fb? of data

CDFRmHleMnmmyL,1930ﬂJ

LEP Lmll[

LA L

LB L

Expected
Observed
tlo

+2c

L

e SM

July 31, 2008

lDU 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )

CDF Run Il Preliminary

rL =3.01b"

1400
1200 —

1000/

800 f—
600 f—
400 :—
200 E_

D_IIII |E|

|II!:I+|—‘_I_._I—l—l—|IIlIIIIIIIIIIIIIIIIIIIII

HWW Combined

m— Expected

= Obsarved
== z10
-1 -]

M, = 160 [GeV/c’]

4 5 6 7 8 9 10

95% C.L./ Ocp

¢ X BR (H->WW?) expected limit 1.66 times SM
for a Higgs mass of 165 GeV; Observed 1.63

Wine&Cheese, Aug15 2008
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Tevatron Run 11 Preliminary, L=3 fb!

E L L L B B L IO L BN
E ..... Expected
E = Observed
s il tlo
10 ¢ T 6 .
B
&
1
Tuly 30, 2008
155 160 165 170 175 180 185 190 195 200

m(GeV/c)

Exp.1.2 @ 165, 1.4 @ 170 GeV
Observed: 1 at 170 GeV

A SM Higgs boson of 170 GeV is excluded
at 95%C.L. at the Tevatron

1-CLs

Result verified using 2
independent methods
(Bayesian/CLs)

1-CLs Observed
1-CLs Expected

Expected +1-o
Expected +2-0

Tevatron Runll Preliminary
L=1.0-3.0 fb"

95% C.L.
90% C.

my (GeV/c?)

15560 TS im0

@90% CL ~15 GeV
excl. around 170GeV
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A dedicated new Higgs trigger & N.P. searches

High luminosity gives large

Ten orders of magnitude to fight against!!

O (proton - proton)

1 mb

1 ub

1nb

1 pb

Fermilab
CEFiI|\I
‘4
T T T | T
1
) 710 _Jd=P71 1o°
: tot o——p=1 10
UA4/5 1
‘ —
& |
bb ' .,,7
<3 W 10
s
L
UA1 I
| — 10
|
|
L -
|
I 10
|
,|_,..,.
cor,0f 1 T
i O’ | 10
tT‘T _.j": Tu;: -’ |
Mo, = 176 GeV _""“‘-:H_‘ ;
CDF, D" : e
(PP) g |
]
H /o
a Higgs I — 10
m,, = 500 GeV '.
1
b
| | | | 1!

MAX
(O *BR, : mH=100 GeV

SM
(0 +-BRy; : mH=180 GeV
]

0.001 0.01 0.1 1.0

10

100

LHC /
T

. 5
10 cm? sec™

Events / sec for £

calorimeter occupancy (pile up)
that generates fake clusters/
cluster merging (ex: red towers

seen as one single cluster)

/
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The upgraded Calorimeter Trigger

courtesy of Simone Donati and collaborators

- 24x24 Calorimeter towers E(em), E(had) )
CAL CoT MILION SWA CES
sent to L2 CPU @ full resolution (10 bit) I I I
- Jet, ely clustering, MET computed with T MUON XCTS
offline-style algorithm (immune to pileup). I
- Use fixed cone algo:AR=+(A$? + An2)=0.7 XTRP
SRS ¥ l 'y
f N L1 || L1
. CAL TRACK MUON
S i
GLOBAL
¢ | ‘ LEVEL 1 |*
n
e had) 7 1t Yy
10 bit E(em)' E( ;ﬂ J SV
& ||
L2Cal #
a [ L2 CPU GLOBAL |-::| 1SVCLK
(4 Pulsar crates) J L F
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New trigger strategies for the Higgs

calorimeter trigger upgrade together with XFT-3D, SVT upgrades
significantly improves CDF reach for the Higgs (and lots of Physics topics)

Ex: New Jet clustering provides Mode Acceptance
% :zzi N o L2 <aB =52 GeV increase
2700; 7] New L2: <AE;>=0.4 GeV WH - +97 %
&% Improved Et(jet) evbb

s00f resolution WH - +110 %

300 E— HVbb

200

100 ; ZH —> "'27 °/o

ol ettt e e+e-bb
E (L3)-E;(L2) [GeV] o
g 1? '”'""é’;‘.AAAAAAAAAA:z:}g‘i‘ ZH 9 +6O /o
e D9 : i i H ....
% os- .. e JET15Pass2 Ll"'u-bb
0.7" . JET15Pass 12 °
harper turn-on s
o.3§ Ve i H —> "‘24 0/0
0.25
0-15: ,,,,,,,,,, - | lVIV
Domaiobimeie® o e T T
8

1z 74776 18 2 22 24 26 26 30 32 34 35 38 @ Tha new data: taken with this upgraded trigger
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I—)'r-rl-l' -llr - )\ = d
> Breaging the waves:

looking for 250N processes as adveriised by
our pest tneoreticlan frisnds
Two examples:
=> SUSY in MULTWUETS

=> SUSY in MULTILEPTONS

Don’t forget what we just said on the new trigger
update also applies here for the newly taken data!

Wine&Cheese, Aug15 2008 52



A minimally supersymmetric world ?

SUSY proposes a new symmetry

Fermions <> Bosons
Standard particles SUSY particles

Ouarks .' Liplons . Force particies Squarks ' Sleptons " ﬂ.lrﬁ‘rd:grm
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@ Example1: Incluswe search for squark/gluino

Courtesy Monica D'Onofrio

Final state: energetic jets of hadrons >mSUGRA: Low tan B scenario (=5)
and large unbalanced transverse i

energy (due to presence of x°) > Assume 5-flavours degenerate

AO = O, M<O
My € [0,500 GeV/c?| o
My, € [50,200 GeV/c?]

gy = i

:; : ::: of \\\\\\\\ dg final state dominates
',": o > 3 jets expected
\\\\\
ag final state N

dorminates Mg < Mg

)

GeV/c

M. (

L
FNAL Run |

M5 > Mg

=L

N N qq final state dominates
> 4 jets expected 0 100 200 300 400 500 600

> 2 jets expected

M. (GeVic)
3 different analyses carried out with different jet multiplicities,

using missing E; , H; = X (E;jets) and E; jets
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If gluino and squark degenerate in
Mass: M > 392 GeV/c?

M(gluino)< 280 GeV/c? excluded 0
in any case
500
Enhanced trigger capabilities
will also be instrumental in this 400
search (Etmiss, Jets) o
3300
Elﬂ'
200
100
0

Wine&Cheese, Aug15 2008

CDF Run Il Preliminary

RESULT: 95%CL exclusion limits  (g) =

L=2.0 fb™
""" g observed limit 95% C.L.

= === expected limit

Theoretical uncertainties included
in the calculation of the limit

A,=0, tanp=5, u<0 -~
0 ) é‘q

-, o
.‘a'/'/" - -

I

= no mSUGRA

solution
FNAL Run |
LEP 1+ 2
100 200 300 2 400 500 600
ME (GeVic))
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If large tan B, light sbottom is expected
Dedicated searches for b production (B.R. (Béb %) = 100%)

—> direct pair production or b from gluino decays

Final state:
B + 4 b-jets

Searches for sbottom quark

e . i ion m,, m_. >m_>m._
6gg~ 10 oy,  CONsider region 71,71 ... . o
and mass(gluino) > mass(sbottom)
Jdet.
Ry CDF Run Il Preliminary I'—dt=1-8fb'1
Decay Ilfeﬂr;af ?%mmﬁm e §'=>J E
Pransary wverbex . = ,.-f |.|:| 103_E
.. B z o DR ST,
! -lag - 3 TOP
Frompt tracks 10° 2 Mistags
| 3 3 Inclusive Multijets
algos :

Main background processes:

- QCD-multjets

- light-flavor jets tagging (“mistag”)
- Top production, W/Z+jets, diboson

—> Predictions tested in Control Regions

¢ 50 100 150 200 250 300 350 400

MET (GeV)

Wine&Cheese, Aug15 2008

56




Exclusion limits

Excluded ¢ above 0.1 pb Translated into limits on the
(M(g) ~ 350 GeV/c?) = gluino-sbottom mass plane

CDF Run Il Preliminary I Ldt=1.81" CDF Run Il Preliminary j Ldt=1.87"

2 e Expected limit (for m[b]=250 GeVic?) ~_ 350 o
= i = Observed 95% CL limit -.;3 [ = Observed 95% CL limit
c . - _
o | 9N Expected limit (for m[b]=300 Gewc’} QO B & o
B 1F —— Observed 95% CL limit O 300+ @b‘t"@ ] M) =60 GeVic®
@ n -~ - & /M@ =500 Gev/c?
» f [ S

- @ - &4 -
8 B = i &
o e 250F a </
O 10'F S b A

L w g s00f & \

D 2L \\\\\ 1

= _ AR D@ Run 11 310 pb’
- PP—> gg at \s=1.96 GeV a 4 %ﬁ}‘h\ﬁﬂ‘% Sbotlol:r?Pair Prgduction
oL - Excluded Limit
102 E —PROSPINO NLO (CTEQ6M) 150 [ N
- u=n.= M@ L
L M(G)=500 GeV/c? M(3)=60 GeV/c’ [ SRS ML
L I L L L L I 1 1 1 1 I 1 L L L I L L 100 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
250 300 350 400 200 250 300 350 400
M(G) [GeV/c?] Gluino Mass (GeV/c?)

Sbottom masses up to 300 GeV/c2? are excluded for M(g)<340 Gev/c2
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Example 2: SUSY Trileptons search

CDF Run II Preliminary, f Ldt=2.0 fb!
S Drefivan TWO LEPTONs LJDrell Yan
SUSY Force Chargino/Neutralino Production ALLTHREE LEPTONS & 0 o**" ANDATRACK ~MDiboson
N 5 1ev N . tt
q iq AN T Total ~ 1 event B Fake Total 5..5 ew.nfs.s BFake
q
a9 B Qe AAAAA- T,
Chargino/Neutralino Decay
b X! ackg
240 Search for 52:}2
"59 ; CDFRun Il Preliminaryj Ldt=2.0fb" xcluded at 95% C. L. | 160 ;9_
@ 230/ mSUGRA tan(f)=3, A,=0, u>0 - i v
© SR B h 3 it i o
-._é Ei'n-(c.l?_)-_-?n(ﬂ}?) > ??'L(T ) LEF’lerecl limit __150 :‘_
£ 2208 -0\ . ([t & B
Em(Xz) = m(xT) 1 E
7 N 210 — 140
CDF selection: Leptons 200~ 130
| [ B
] ] v 190 :_ _] 120
Electrons Muons Tau leptons i .
‘ —110
— —— 170} NN
! v v v i N
. . N
Tight Loose  Tight Loose Track 160, =
gold plated gold plated racks m, {GeWcz)
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Mass limits for mp=60 GeV/c?

CDF Run i Preliminary_[ Ldt=2.0 fb" Search for f‘jﬁﬂ
12
E1'4‘ . |LEP direct A
= |- ————— Theory 0,,;BR wamers
2 4.2 | limit
o TR v G5% CL Upper Limit: expected
& [ Expected Limit + 10
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Since Oct 2001 CDFII:

— ICERNIl LIT Improves its Physics reach by making the
] 5 - best of Lum. increase & continuous upgrade
“ e ! of detector performances => WORLD
i N b PREMIERES and BEST RESULTS ON:
o bb ! 07
" ' QCD: new Jet algo, do/dEt, 6(bb),W,Z+jets
I oA | W.Z+HF, diffractive...
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_ v
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Just do the contrary of what you have been
told since you were kids:

VIOLATE the S.M. LAWS.

Look for any deviation from the SM
this will be a sign of BSM Physics.
But to do so you must be able to perform

HIGH PRECISION MEASUREMENTS
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A lot of people must be given credit for their instrumental
contributions that lead to these outstanding results:

 credit to the generation of builders of the various CDF phases
 credit to the continuous upgrades even while data taking
 credit to a lot of innovative ideas and

 credit to making them becoming real

» credit to all those who are keeping the detector running
all along (especially the crucial pieces: COT, Si, triggers, efc)

 credit to the software developers
 credit to the analyzers

« credit to those who are making possible to run such a complex
machinery with few people.

CDF is getting now the full benefit of all this with
still much more to come
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(*) Advertisement to the audience

to be read at the end or after the talk...no time now

This talk tries to give some ideas about the capabilities and present achievements of
the CDF experiment to confront the BSM, which is the main goal ahead of us.

The speaker has chosen a few topics and gives a hint on the corresponding Physics
goals, analysis framework and CDF detector capability to access the search each one
corresponds to.

It is impossible in 40 min to summarize more than 150 published results this last year
(58 presented at ICHEP).

The choice is the one of the speaker, the blame for not showing it all or as you would
like it , is on her.

The results and more information on all the world class analyses ongoing at CDF and
the present results many of them being world’s premieres, are in:

http://www-cdf.fnal.gov/physics/S08CDFResults.html

And you are very welcome to contact us for discussing in more details the topic(s) of
particular interest to you.



